Pollen samples were taken along nine transects across local vegetational belts bordering bogs or ponds in overall deciduous and coniferous-deciduous forest regions. Three types of pollen rain are distinguished: local, extralocal, and regional. Local pollen rain is derived from plants that grow at or very close to the sampling point. High local values are common in all sorts of vegetation types: lakes, bogs, marshes, and forests. Extralocal pollen rain is derived largely from trees that grow on the slopes and upland adjacent to the sampling site, but not extensively over larger areas.
Introduction
In principle the dispersal curve as shown i n Fig. 1 In the interpretation of pollen diagrams it has long been realized that pollen percentages do not accurately reflect the actual composition of the vegetation.
This is because pollen production and pollen dispersal are widely different in the various plant species.
In theory it would be possible to take into account only the pollen production and accordingly to neglect the factor of dispersal, if the vegetation surrounding the sampling point were homogeneous. However, this condition is rarely met. Usually we find in an area a mosaic of plant communities. This is not only true on a large scale, e.g. in such plant formations as prairie and deciduous forest, but also on a much smaller scale within the formation, largely as a result of topography and soil.
Each of these communities contributes to the pollen rain at the sampling point in the way that is characteristic for that point under investigation. Each area has its own typical constellation and composition of plant communi- ties, which will never be duplicated elsewhere.
Site A, for instance, is located closer to a plant community "a" than site B.
Pollen from commu- logarithmically-However, on theoretical grounds the pollen precipitation from an elevated point source first increases over a short distance and then decreases (Eisenhut 1961 , Tauber 1965 .
In a few cases this initial rise of the dispersal curve has been found in dispersal experiments (Persson 1955 , Federova 1956 Moreover, in this trajectory part of the pollen may be transported by some mechanism other than wind, e.g.
anthers, catkins, rain, etc., often resulting in clusters of (immature) pollen in the samples. Con- sequently, not only large differences occur in amount of pollen over short distances but in addition many irregularities.
The vegetation in the area around the source that shows these characteristics in its pollen rain will be called local vegetation, and accordingly the pollen rain in that area will be termed local pollen rain.
At great distances from the source the pollendispersal curve is practically parallel to the abscissa.
In this area the amount of pollen will not vary even over larger distances. The pollen rain at these distances from the source will be called regional pollen rain, and the vegetation that produces it will be called regional vegetation.
It is characterized by a composition of pollen types in the pollen rain independent of local situations.
The work of McAndrews (1966) indicates that in our region the regional pollen rain reflects plant communities on the large scale of the plant formation.
In Fig. 1 we find between the regional and local trajectories a transitional trajectory. This pollen rain, here called extralocal, does not change over short distances to such an extent as is the case with the local trajectory.
The amount of pollen, however, is here distinctly higher than the regional background pollen rain. The vegetation at distances sufficiently short to produce an extralocal pollen rain accordingly is called extralocal vegetation.
Tauber (1965) divided the pollen deposition in a forested area into three components: a component through the trunk space, a component carried above the canopy, and a rainout component.
Probably the extralocal effect is caused by the pollen transfer through the trunk space and his two other modes of transfer account for the regional pollen rain.
If a pollen diagram is used to infer climatic changes, then the diagram must register the regional pollen rain only, as the local and to some extent the extralocal pollen precipitation will distort the regional results.
Faegri and Iversen (1964) Davis (1963) .
One factor must be stressed here, i.e., that the selection of the pollen sum influences the percentage of a pollen type and therefore its representation.
In the present study a comparison between pollen percentages based upon an upland-forest pollen sum will be made.
Samples along the transects were taken during the summers of 1962, 1963, and 1964 (2) other moss polsters (B); (3) top layer of soils (A0 ); and (4) top layer of lake sediments (M). Each sample was composed of 5-10 subsamples from an area of about 1 m 2 .
Moss samples were obtained from dead wood and from the bases of trees as well as from moss covering the ground. Lake samples, all of them marl, were obtained by diving.
Preparation.-Samples were boiled for 10 min in 10% KOH, sieved through a fine screen, and washed thrice with water on the screen by squeezing the fluid out of the material.
The material can be stored permanently in glacial acetic acid.
Part of it was prepared for microscopic investigation by acetolysis for 10 min.
The water was then replaced in turn by 95% ethanol, 100% ethanol, and benzene, and the preparation was then embedded in silicone oil (2,000 cs).
Vegetational analysis
Regional. -The composition of the regional vegetation has been obtained from the general land survey by the Federal Government in the last century, before or during settlement of white man in this part of the country.
Since the vegetation before and after the arrival of the settlers is not the same, it is not appropriate to compare recent pollen spectra with subrecent vegetational data.
A justification for doing so, however, is found in the work of McAndrews (1966) , which, apart from the rise of Ambrosia in postsettlement time, reports the same proportions between the trees in the regional pollen analyses before and after settlement.
To calculate the composition of the regional vegetation an area of 65 km 2 around the transects was used.
How large an area contributes to the pollen rain at the sampling point is not known, but data from Hyde and Williams (1945) seem to indicate that pollen transport over 10 km is of minor importance.
Similarly, Tsukada (1958) reports that in a forested region most of the pollen precipitation comes from an area within a few kilometers. I,   II ).
In Table I Diagram 1 (Fig. 10 ) contains all the pollen types included in the upland pollen sum (see below), and diagram 2 (Fig. 11) 3) The % I.V.'s have been based either upon my own tree counts or upon the surveyors' records, both of which deal with trees only.
4) A comparison with other studies (generally
based upon a tree-pollen sum) remains possible.
For these reasons in the following discussion of each pollen type, the°/ o I.V. of the components of the vegetation will be compared with pollen percentages based upon this upland-forest pollen sum.
Transect pollen diagrams
The study of pollen dispersal requires transects running through vegetational types that show breaks with neighboring ones.
These breaks commonly occur where strong differences in topography can be found, e.g. lake shores, border between upland forest and bog mat, etc.
The transects thus include upland communities, and the upland pollen types may therefore show a strong local overrepresentation, distorting the curves of the pollen types of the regional pollen rain.
Therefore small diagrams for the transects have been prepared ( Fig. 12-16 ) in which pollen percentages made in the transect diagrams between types that would show a regional pollen percentage and those that would show a local or extralocal percentage.
Some of the transects also show regional values of lowland pollen types, but because of their generally low regional values their exclusion from the pollen sum of the transect diagrams does not change the level of the other regional curves to a great extent.
It may be expected that the curves of the local pollen types will show definite maxima in the vegetational zones along the transect where these pollen sources occur.
It is in this group B of the transect diagrams that the effect of short distance from the pollen source may best be studied.
Regional pollen averages
To facilitate discussion of representation of pollen types, for each pollen type a regional average percentage based upon the upland-forest pollen sum has been calculated as well as the range of percentages (Tables I and III) .
For a calculation of the average percentage, only pollen spectra have been used that do not contain any local or extralocal value for the type under consideration or for any other type included in the pollen sum.
Thus the spectra of the Bohall transect have been omitted altogether, because Pinus shows raised values here and would therefore depress the regional values of other pollen types.
The average percentage for the spectra used has been calculated by dividing the total grains of each pollen type by the total of the pollen sums for these spectra. For a discussion which spectra have been used for the calculation of the regional percentage, the reader is referred to the sections on the discussion of the individual pollen types. Regional averages and discussion of individual pollen types In the following discussion the effect of increasing distance from the pollen source may be studied Percentage importance values for extralocal and regional vegetation, and average regional pollen percentages near the transects based on a variable pollen sum of upland-forest pollen (see Table II , and text). Popalas grandidentata 
B of the transect diagrams ( Fig. 12-16 ).
These diagrams, however, are not well suited to compare the pollen rain with the regional and extralocal vegetation nor with other pollen diagrams in Minnesota.
For this purpose the reader is referred to This would prevent them from contributing more pollen to the present pollen rain than 50 years ago.
Larix. -Average regional percentage is 0.03%.
Pollen is only occasionally present.
Comparison with the regional percentage reveals a strong underrepresentation.
Larix especially is noted for this. Erdtman (1935) reports the absence of pollen of this tree in the boreal forests of Canada.
Davis and Goodlett (1960) This stand was much older than that of French Creek Bog which might have been too young to produce Larix pollen.
Picea. -Average regional percentage is 2.73%; curve is continuous. Picea is underrepresented in the regional pollen rain, but less so than Larix ( If Betula is removed from the pollen sum, as shown in the transect diagrams (Fig. 14) , the regional percentage of Pinus is in line again. The lower regional percentages of Pinus at Beauty 2 are mainly the result of the unexplained raised values of Ambrosia.
Quercus. -Average regional percentage is 8.3%
(range 3.8-11.4%). Quercus is overrepresented when compared with the regional % I.V.
Overrepresentation of Quercus has been reported both in America (Hansen 1949, Davis and Goodlett 1960) and Japan (Tsukada 1958 European species are not big pollen producers (Pohl 1937) .
Indeed, Quercus in surface studies in Europe is usually not much overrepresented. Bastin (1964) (1962) and Mullenders (1962) .
Davis and
Goodlett explain the difference in representation by assuming a heavy pollen production for Quercus rubra.
It should be realized, however, that the representation of a pollen type is not only the result of its production and dispersal but also of the other pollen-producing species in the region. papyrifera. Betula lutea occurs on Floating Bog, but it is rare in this region (Christ 1959) .
It must contribute few grains to the total pollen rain.
Because of this dual distribution and because it occurs along the transects, Betula has been kept outside the pollen sum in the transect diagrams.
The curve of Betula reflects precisely the local presence of either shrubs or trees.
At Floating
Bog 1 and 2 the zones of Betula pumila shrub are represented by maxima in the Betula curve (Fig.   11 ). In the middle part of this transect, however, the Betula percentages still are higher than at Beauty 2, which shows the same regional values as at Floating Bog. The percentages in the middle part of Beauty 1 must reflect the extralocal effect.
Alnus. -Average regional percentage is 4.36%
(2-11%) ; curve is continuous. Cloud, Minnesota (Fig. 4) . (Fig. 8 ).
The transect runs across a Typha latifolia mat, which covers a large part of an earlier pond. On the southern end the forest is less tall, a larger amount Between the west side of the swamp and the lake a concentration of Juniperus virginiana is present.
Clearwater. -Located in Stearns County, S SW Sec 1, TI22N, R2BW (Fig. 9 ). Regional averages and discussion of individual pollen types Again the effect of increasing distance may be studied in the transect diagrams ( Fig. 12-16 ) and the comparison with recent vegetation in Table II and Fig. 10 and 11 .
For all the transects in the coniferous-deciduous forest formations of the Itasca Park area, one regional pollen percentage could be established because they all were situated in the same formation relatively close to each other. This is not the case with the Lake Sylvia and Clearwater transects in the deciduous forest formation. Because of their location in such widely different plant formations, a difference in regional pollen rain exists ( Fig. 15 and 16 ). (Table II) . Asa result it is difficult to determine a regional pollen percentage for many pollen types, for it is not possible to check any situations in which these types do not occur in the extralocal vegetation (e.g. transects covering larger distance outside the forest).
Only for those types that do not occur in the deciduous forest at all (Pinus, Abies, Ambrosia, Artemisia) may the regional pollen percentage be determined.
On the other hand, many of the pollen curves show a steep slope at increasing distance from the source of dispersal.
They remain horizontal outside the forest.
Therefore the level of this horizontal trajectory will probably not differ too much from the regional values, and there is little evidence for extralocal values.
In the following discussion an average regional percentage is based upon the horizontal trajectory along the transects.
There is a possibility, however, that this part of the transects represents extralocal values rather than regional ones.
Pinus and Abies. -Average regional percentage for Pinus is 12% (range 6-30%), with continuous curve;
for Abies 0.27% (range 0-0.4%), with highly interrupted curve.
Pinus and Abies are lacking in the deciduous forest, and all the grains found in the samples must have traveled by longdistance transport.
The regional values are lower than those found by McAndrews (1966) Raised local values occur in the forest.
In spite of the fact that Acer is the dominant tree in the forest, it is strongly underrepresented in the pollen samples even in the forest.
From this it follows that its pollen production must be low.
This and the poor dispersal results in the underrepresentation so often reported (Tsukada 1958, and others). At Clearwater, Acer pollen grains are only occasionally present.
Ostrya. -Average regional percentage at Lake Sylvia is 3.25% (range 1.7-5.6%) ; curve is continuous.
Ostrya is clearly underrepresented when compared with the regional and extralocal % I. At Clearwater the average regional percentage is 85.3%, much higher than at Lake Sylvia because of the greatly depressed Ulmus percentages.
The transect diagram (Fig. 16) That the regional pollen percentages are lower than in the Itasca State Park area is in agreement with the smaller regional importance of the shrub.
Betula. -Average regional percentage at both Lake Sylvia and Clearwater is 7-8%.
In the regional vegetation of the two transects only Betula papyrifera occurs.
Betula pumila is absent.
In spite of this we still find a strong overrepresentation.
The transect diagram of Clearwater 1 (Fig.   16 Clearwater we find exceptionally high regional percentages (up to 295% in the calculation based upon the upland-forest pollen sum).
The differ-ence with Lake Sylvia, situated in a cultivated area as well, may be explained by its location.
The
Clearwater forest stand is small, with nearby Zea mays fields (where Ambrosia sp. grows as a weed)
whereas the Lake Sylvia stand is located on a peninsula that is completely forested. Striking is the absence of an extralocal trajectory for Cyperaceae close to the Carex mat at Floating Bog lin the adjacent Nuphar and Zizania belts.
Discussion and Conclusions
The course of the curves of the regional pollen types may be studied best in group A of the transect diagrams.
In these diagrams local and extralocal pollen types have been removed from the pollen sum, so the regional curves are unmasked. If the regional pollen rain is (by definition) the pollen rain that does not vary over larger distances, then even our short transect should show parallel regional Reducing the values of the overrepresented Fagus and Pinus to their original regional percentage, as found in larger bogs, resulted in "normal" values of the other pollen types. However, it is quite possible that the deposition of regional pollen varies in different vegetational types that may filter pollen differentially. Dengler (1955) found such a filtering effect in young stands.
In his experiments the precipitation of pine pollen inside various stands was smaller than outside these stands.
This influenced the proportions of the regional types even in diagrams based on a pollen sum comprising only regional types.
Tauber (1965) pointed out that filtering of pollen is most likely in species that are densely branched and have sticky or hairy parts.
A strong negative correlation between Salix and Fagus in a historical pollen diagram is explained by Tauber by filtration of Fagus pollen by Salix shrubs.
In our diagrams, however, we find in a general way parallel curves over the entire transects-there is not a consistently different proportion in and outside the forest. This would indicate that, if filtration occurs in the forest, it must be at the same rate for all regional pollen types.
